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Sir: 

DECLARATION OF GEORGE STEPHANOPOULOS 
PURSUANT TO 37 C.F.R. § 1.132 

I. 1 am currently the A. D. Little Professor of Chemical Engineering at the Massachusetts 

Institute of Technology. My PhD is in Chemical Engineering and 1 have been in this position for 

27 V* years and have been involved with teaching, research, technology development, and 

industrial consulting with more than 50 companies tn food processing, chemicals, 

pharmaceuticals, etc. My expertise is in process engineering and I have been involved with a 

very broad variety of process-product combinations in the food industry and the other industrial 

sectors mentioned above. T bave also worked as Chief Technology Officer for the Group of 

companies of Mitsubishi Chemical Corporation in Tokyo, Japan, where for 5 years 1 was in 

charge of R&D and technology for new business. Jn this capacity I was the Managing Officer 

responsible for the Intellectual Property Department of the Corporation and was responsible for 

Patent Strategy and Patent Defense. 
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2. 



I am an author or co-author of many publications. These include: 



A. Authored-Coauthored Books 

1 . "Synthesis of Heat Exchanger Networks," in Industrial Energy Conservation, 
E. Gyftopoulos (Series Editor), MIT Press (1 982). 

2. Chemical Process Control: An Introduction to Theory and Practice, Prentice- 
Hall (1984). Also in Greek and Chinese translations 

3. Solutions Manual; Chemical Process Control: An Introduction to Theory and 
Practice, Prentice-Hail (1985). 

4. Analysis & Planning of Greek Petrochemical Industry, KEPE, Athens (1986). 

5. The Scope of Artificial Intelligence in Process Engineering, CACHE 
Monogliraph (1990). 

6. Intelligent Systems in Process Engineering: Paradigms for Product and 
Process Design^ by George Stephanopoulos and Chonghun Han, Volume 21 in the 
"Advances in Chemical Engineering Series", Academic Press (1995). 

7. Intelligent Systems in Process Engineering: Paradigms for Process Operations 
and Control, by George Stephanopoulos and Chonghun Han, Volume 22 in the 
"Advances in Chemical Engineering Series*\ Academic Press (1995). 

B. Edited-Coedited Books 

1. "Artificial Intelligence in Chemical Engineering Research and Development" 
(Geo. Stephanopoulos and M. Mavrovouniotis, Editors), Special Issue of Computers and 
Chemical Engineering, Pergamon Press (1988). 

2. CACHE Case-Studies Series in " Knowledge-Based Systems in Process 
Engineering", 3 Volumes. CACHE (1988). 
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3. CACHE Monograph Series in "Artificial Intelligence in Process Engineering " 
edited with J. Davis, 3 Volumes published, 2 in preparation. CACHE (1990). 

4. Foundations of Computer Aided Process Design, J. J. Siirola, I. E. Grossmann 
and Geo. Stephanopoulos (editors), CACHE-Elsevier (1990). 

5. On-Line Fault Detection and Supervision In the Chemical Process Indisiries t 
P.S. Dhurjati and Geo. Stephanopoulos, IFAC Symposia Series, No.l (1993) 

6. ISPE '95: Intelligent Systems in Process Engineering Geo. Stephanopoulos, 
J,F, Davis, and V, Venkatasubramanian (editors), AIChE Symposium Series, Vol. 92 
(1996) 

7. Proceedings of the European Symposium on Computer-Aided Process 
Engineering, ESCAPE-6, Volumes 1 and 2, Geo. Stephanopoulos (editor), Computers 
and Chemical Engineering, (May 1 996) 

8. Selected Papers- ESCAPES^ Special Issue of Computers and Chemical 
Engineering, Geo. Stephanopoulos and E. Kondili (editors) ( 1 998) 

9. IFAC Proceedings: Dynamics and Control of Process Systems-2001 ; Geo. 
Stephanopoulos, J.H. Lee, and En Sup Yoon, editors. Pergamon Press, 2001. 

C. Papers Published in Refereed Scientific Journals: 214 

D. Papers Published in Conference Proceedings: 185 

3. This Declaration is being presented by me in furtherance of the prosecution of the above- 
referenced application. 

4. I have reviewed the above-referenced application in detail as. well as Domazakis (U.S. 
Pub. No. 2003/0049364), Brandt (Marinades "Meat" Challenge publication) and Hendricks et al. 
(U.S. Pat. No. 5,053,237), which have been cited during prosecution. 1 have compared the 
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method presented in the cited references to the method of the invention disclosed and now 
claimed in the present application, herein referred to as "A pp. 10/577,659 " After reviewing 
these references, it is my firm conviction that these references do not render the claimed 
invention obvious. 

5. Although vegetable oil-containing meat products of emulsion-type> may be retrieved in 
the literature (Dubanchet, U.S. Pat. No. 5,238,701; Bloukas & Paneras 1 , 1993, attached hereto as 
Exhibit A), no evidence has been provided so far with regards to processed, readv~to-eat meat 
products based on entire-muscular tissue, wherein olive oil has been stably incorporated. This, 
by no means, indicates a lack of interest in the development of such products, but rather confirms 
the technological difficulties implicated in the making of these types of products. Instability in 
the incorporation of oil is indeed expected to result in the phenomena addressed by the Applicant 
in page 1. lines 32- 44 of App. 10/577,659. The claimed invention has thus addressed a long^felt 
need in the industry and succeeded to achieve this goal 

6. There is nothing in the cited references themselves or in the knowledge generally 
available to a person of ordinary skill in the art, at the time App. 10/577,659 was filed, that 
would lead one of ordinary skill in the art to combine the cited prior art. First of all, the only 
prior art that at least indicates combination of entire muscular tissue and vegetable oils is 
Hendricks, yet the goal of the invention, the method followed and the products resulting 
therefrom, have nothing to do with the goal, the claimed method and resulting products of the 
present application. Clearly, the goal in Hendricks is to upgrade the tenderness and sensory 
qualities of fresh red meats, thus improving their market value. However* the deposition of oil 
inside the mass of a fresh raw meat, by means of an injection apparatus, is substantially different 

1 J. G. Bloukas & E.D. Paneras. Substituting alive oil for pork bactfat affects quality of low-fat frankfurters. Journal 
of Food Science, vol. 58 (4), 1993 
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to the stable oil incorporation, as achieved by the method described in the present patent, in a 
sliceable ready-to*eat meat product based on entire-muscular tissue. In the latter case, the 
mechanical working (=tumbling), as well as the presence of sodium chloride, have led to the 
extraction and solubilisation of myofibrillar proteins, which, surprisingly, were found capable of 
forming a stable composition on the surface of the meat pieces with the added oil and the free 
water (by means of emulsiflcation and/or entrapment phenomena). That was an interesting and 
surprising effect. It is, therefore, the precise localization of the stably dispersed oil droplets, that 
characterizes the uniqueness of the product resulting from the present application. The novel 
aspect of App. 10/577,659 is reflected in the description of the critical process features, which 
allowed for the stable incorporation of the oil droplets in the precise location. In my opinion, 
neither the precise localization of the dispersed oi! globules, nor the critical process features 
which contributed to the novel aspects of this invention, may be derived from the cited prior art, 
even if this is considered by the combination of the different references. 

7. Hendricks relates to injected pieces of fresh raw meat, which is intended for home 
cooking. Hendricks merely discloses the use of an <4 injectate ? \ which is disclosed as a 
composition that penetrates, by means of pressure injection, the muscular tissue, obviously at an 
injection depth. Retainment of the delivered injectate, comprising oil, within the muscular tissue 
was rather challenged, due to the non-stable incorporation of the injectate within the meat mass. 
The addition of a binder in the composition improved the retention of the injectate. It is thus 
evident that the physicochemical mechanisms that underline the oil incorporation in the cooked 
processed product of App. 10/577,659, are nowhere disclosed, nor even indicated in Hendricks. 
The function of "activated" myofibrillar proteins at the surface of meat pieces, which is of 
primary significance in the mechanism of oil incorporation in App. 10/577,659, is absent in 
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Hendricks. Rather, Hendricks uses added ingredients, such as non-meat ingredients (e.g. methyl 
cellulose) to retain the injectate within the meat mass. Moreover, the characteristic localization 
of the dispersed oil phase, as well as the critical process features that ensure the stable 
incorporation thereof, in the cooked processed product, could not be derived by Hendricks. In 
my opinion, Hendricks would not even been considered by a person skilled in the art, dealing 
with the making of processed readv-to-eat entire muscular tissue-based cooked products. 
Moreover, to the extent of my knowledge, I do not recall having seen products resulting from the 
patented method of Hendricks. 

8. In my opinion it would not make sense to one skilled in the art to combine any of the 
remaining prior art with Dornazakis since. Domazakis describes the admixture of oil in a finely 
comminuted meat paste, along with other added ingredients (e.g. phosphates, non-meat proteins 
and starch) and Brandt describes some basic technological issues regarding marinating fresh 
meat pieces, such as the use and composition of a marinating solution, Brandt refers to products, 
such as the Hatfield Marinated Fresh Pork, which are made by injecting a 10% solution, 
followed by massaging and vacuum packaging (Brandt, page 6 of 7). In fact, Brandt teaches 
away from the addition of a "non-soluble to water" ingredient, if his instructions should be 
considered (Page 2 out of 7, 3rd paragraph: "All of the ingredients should be dispersed in 
ambient temperature water for proper dissolution ,") Therefore, Brandt does not teach anything 
about a fatty substance, let alone olive oil. 

9, To my opinion, the cited prior art, either examined individually or in combination, does 
not provide the critical technical features of the claimed method of App. 10/577,659, including 
(j) adding olive oil to the fully tumbled and brine-injected entire muscular tissue, and (ii) 
proceeding to a second independent tumbling step after the addition of olive oil 

c 
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10. Accordingly, it is my opinion that the present invention is unique and not obvious based 
upon my experience in the industry, in view of the unsolved and long-felt need in the industry, 
and the cited references. 

11. i declare that all statements made herein are of my own knowledge are true and ali \ 
statements made on information and belief are believed to be true, and further that these 
statements were made with the knowledge that willful, false statements and the like are 
punishable by fine or imprisonment, or both, under § 1001 of Title 18 of the United States Code, 
and such willful, false statements may jeopardize the validity of any patents issued from the 
patent application. 
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Substituting Olive Oil for Pork Backfat Affects Quality of 
Low-Fat Frankfurters 



- ABSTRACT - 



Low-fa. frankfurters (1CW6 Ql). formula^ for «2^J{i*S 
protein, wprft made with olivo oil. Compared to control (27.6% ell 
Snlmil W. 10.9* protein) they had airnW flavor, tower (P<0.05) 
TDA va ues and reduced (44.7^7.6%) calorie content, but had tower 
yfcW (S.MJ*) ind overaUp^blHry Among 
c^ffiS;.r m pl=i with 12% protein ^^u^fy char- 
acierlslica. Tha il% protein frankfurtera compared to Ihe coniroi [fix- 

higher <P<O.0S) skin B tren 6 th and Wcved torture. ^ Thowa ment 
with lDfc protein h»d undtalrable color ond v/a* very aofu ™ with 
14* prdcffi had <ha same (P > 0.05) ltd color as the control Dot Wghw 
(P<0.05) tane*,, skin strength ind taXlural Irafls and lower (P<O,0S) 
Juiciness. 

Key Words: olive oil, frankfurters, ftl autttlltulton, low fat, meat 
products 

INTRODUCTION 

1W MOST industrialized societies consumers are recommended 
lo reduce energy Intake and to reduce fat Intake to 30% or less 
of tola I caloricfntaka (AHA, 1986). Manufacturing calory 
rrtwid foods, which include low-fat meat products, is of both 
«2e and health interest fWinh, 1988). Rankforto type 
™es produced with pork fat have up. to 30% fat. Pork tat 
has about 40% sataratedfetfy adds (Briggs and Schwigert, 
19901 while cholesterol la the most important sterol present. 

Saturated fat is considered a primarv ^p}^ CTC ^Z 
terolemla (Malison and Grondy, 19SS) f d o^idaUon products 
of cholesterol Mohave adverse human health effects (tanon 
alsl,, 1983; Addis, 1986; Maerker 1937) ^ MM > po y- 
unsaturated fatly acids decrease plasma LPL-cholesterol 
(Mattson and Grundy, 1985). they promote ^rclrtogenesis In 
experimental animals (Clinton et aU, 1984). In contrast to sat- 
urated end polyunsaturated fats, diets high in moitounjaturaled 
fat have been associated with decreases in coronary heart dk- 
case. Prevalence of heart disease was ^ u YfX l ^ w J^"" S 
of the Mediterranean region In which diets high in monoun- 
saruraied fat arc typically consumed (Keys, 1970; Keys etal., 
198(5; Aravani* Ynd Bontas, 1978). "Aim Inco^Unj oi 
monounsaturated fats In meat products may have a positive 
ef feci on consumer health . 

St. John et al. (1986) increased Ihe monounsoiura ed/saiu- 
rated fatty aeid ratio in low-fat frankfurters using the lean and 
fal from pigs fed elevated levels of canola oil which contains 
64% oieiclcid. Shackelford et al. (1991) studied Ihe accept 
ability of low-fat frankfuiters as influenced Iry feeding of el- 
evated levels of monounsaturated fats to growing-finishing 
swine. They reported that thehigh-oleata treatments were com- 
parable to the control in all sensory characteristics. Rlendeau 
(1990) Incorporated canola oil into smoked sausages and found 
thai fat and calorie-reduced products were acceptable in qual- 
ity. Park el al. (1989, 1990) studied the properties of low-tot 
frankfurters manufactured by direct incorporation of hlgh-olelc 

7h* authors or* ifffflaUHf with the Ooph of Food Science Tf 
Tecfinofogy, faulty of Agriculture, Aristotelian Ur>A/., OB .540 
08 ThessBtonUJ, Greece* 
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sunflower oU (HOSO) as a source of monounsaturated fat. 
- Sorted Oiet low-fst frankfurteTS with ma> t»0£ 

able adled water and HOSO cou d be manufactured wiAoul 
adverse effects on processing yield, texture or sensory prop- 

'"virgin olive oil is the most monounsaturated vegetable _oiU 
It contains 56^6.5% monoimsstumted fatty acids, 8-25% 
a£a ed and 3.6-21.5% r^^^aturated fatty ^ O^uS 
1984). it also has tocopherols and phenolic ;nb*M« which 
act as antioxidants. Olrveoi has a high btolq^Jh value £ 
tributed to its high ratio of vitamin B to polyunsaturated tatty 
adds Mola 1910), U also has a lower ratio of saturated to 
^Xk^Y^^ and the pr«ence of ' a**^' 
^stances at an opUmum concentration (^nslaWaet ah, 1980) 
m.ir Our objectives were to evaluate quality of low-fat franR- 

' fatten ( < 1096 St) produced by direct incorporation of vugin 

effects of "protein level In the finished product on quality char- 

actetisttca. 

MATERIALS & METHODS 
Ingredient* and formulation 

The fresh pork were trimmed of separable fit to provide extra lean 
mLS ttiVleWmcar and the park backfat wrc aepara^Jy g?oand 
5 o^^U mmTata *nd therTlhroush > « .3 ^Jim p^e ? ound 
Irtkits imd got!* baokfat Were vacuum packe$td ind frown u w u 
E?75 wfcoDlll product fgrmulation. lleproscnlatlvd samples were 
and«^ (AOAC, 1984) orter ro frccx- 

SSS» Z material wer* tempered « O^^P^^V,, 

v<tein commtttlol olfvo o conintnina 0.71* rrce fairy ecjda 
0 Z X~ * ^m«laifled the d a y of uso . ilgbj parts ^o = wcrc 
mbced for 2 min with o,e part sod urn ^ 
emulaifled with 10 parte oil for 3 mtn (HoDgenKarno, i»wa, oj 

Four ^watoente ware prepared (Table 1). the control wti produced 
J™ ^oX^Tbaok fal tormulated to 28* fat and 11* protein, 
^wo Wu« Ttprcscr.t about the mean fat a«i pfOleh, conlwlof 
co^c^Tfrflnkfui.ers Jn Greece (Bloukas and Pantres, 19S6). The 
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LOW-FAT FRANKFURTERS WITH OUV£ OIL,. 

other three treatments wtr* produced wM> olive oil tormuiatcd to give 
■ final product wfiMesslhan 10% ftl and IQWr, 11% and l<ife protein, 
rtacectrVely. In low-fat trestmente the added salt was reduced while 
me amount af seasonings was increased as suggested by Wirth 0?fib\ 
1991) and Hoogenkemp (1989b). All treatments were replicated throe 
rimes from scparste weal and ( 
slods. 



t sources al three different lime pa. 



Fre nklurter monuratture 

The partially ihawtrf lean was mixed wlib curing ingredient* and 
dry chopped for 20-30 tec in a Laska 30L cotter at low speed. After 
dry chopping about halt ino water we a added In tho rorm of Ice and 
the chopping continued until a temperature of + 3*C was reached. At 
dial point the thawed pork bacxfal, pre-emurslfled olive otl, seasoning 
and other Ingredients, together with irw remainder of the Ice/waier, 
were added and the batter was chopped at high speed until the final 
temperature reactied 12*C. 

Immediately after ehooplng the bailer of each treatment was vse- 
vum stuffed lots 24 mm diameter Kojax ctHulote easing*. Eseh treat- 
ment was handltoked at 15 era Intervals and the frankfurters were heat 
pr ocesse d Bnd imofced In a smokehouse to Internal temperature 7Z*C 
{Hoogeakamp 1989a U( j b, Wlilb 19B8, 1991). The frankfurters were 
showered for 15 min and chilled at +2*C for 24 hr. After chilling the 
frankfurter* wera peeled* vacuum packaged (vacuum level 650 mrrtHg) 
In film pouches with a reported oxygen pcnneabfUlyTBle of *liecroV 
mV24 hr/1 iim (23"C Q« AH) sad stored in the dirk In a cooler at 
+ 4*C until subsequent analysis. 

Bauer properties 

Immediately efier pieces stag the following parameters of batlera 
were determined: pH was determined with a WTW digital pH rosier 
with corrections for temperature difference, Viprodty wns measured 
Immedrstely after batter preparation wllh a BrookBcId dtgitBl vlaconv 
eier, model DV-I1, eel at 2.5 Tpm and equipped with a spindle Ko 5. 
Frankfurters were weighed before heal processing and smoking led 
after chilling at +2*C for 24 hr. The processing yield {%) wai deter- 
mined from the weigh! 1. 

Chemical Qnolysis 

Rep resonlairve samples from each treatment were homogenised and 
anaJyiod, prior to vacuum packaging (Q week), for percentage moli- 
tuio, fat (eihu— attractable}, protein, ash, starch end sodium chloride 
according 1o standard AO AC (1964) procedures. Par cant added water 
was also calculated according to AOAC (1984) formula. Sodium nl- 
trllo was determined by the ISO (1975) method. All analyses were 
performed in duplicate. 

Purge lost 

Two vacuum packages t* 255-300g each) per treatment were used 
to determine purge tost of frankfurters the 1st, 3rd and 5th week of 
storage In the dark at 4"C. Before packing each link of frankfUrtcre 
was dried with paper tissue and all links per package were weighed. 
After removing tiuiigcs from the package each link was again dried 
with paper tissue sad all links per package Wore jewcighsd. Purge 
Joss was determined from the difference in weights between the two 
measure menti expressed as percent sgs of Initial weight. 

Color measurements 

Color measurements were performed the 0 and Slh week of storage. 
A True —Color Wee tee colorimeter was used to evaluate L» a and b 
(Hunter color system). The fasliumeot was standardized using a white 
ceramic tllo calibrated to tristimulus values of L » +• 96.0, a - 
- 1.03, snd b • + 2,4. Two frankfurters per treatment were used. 
The surface of the glass I ray was completely covered with sections of 
the frankfurters •wTfour measure rrtcnla were taken per link by routing 
the glass tray cad- quarter after each measurement. Data are means of 
eight raessutemenis. 

EtaiMddtty dstermlaatlen 

The 2-Th lob arbil uric acid (TBA) test according to Tarladgls el al. 
(1960) was used to deiermlns extant of oxidative rancidity after the 



0, lei, 3rd and 5tb week. Two frankfurters were randomly sampled 
from each lre9tor.nl. The frankfurters were ground to e chopper for 
1 min and two 10-g portions were removed tor TBA analysis. Du- 
plicate deterromallona were conducted on esch treatment. The amount 
of restdual nitrite In each sample was taken into account ind ihe 
amounts of sulfanilamide were lidded In the samples for TBA analysis 
according (o Ihe modlBcationa of ShaMdl at al. (19SS). Readings wero 
made en a UCB Ullroipee II spwlroohororaaer si 538 nm. The con- 
version factor 7.8 was used tn calculation of TBA numbers. 

Sensory evaluation 

Sensory evaluation was conduelcd the 1st and 5th week of MOrtgo 
by a flvc-momber (rained panel. The pftocUsiS were chosen on the 
basis of prevJoua experience in cvafuoling frankfurters. The fallowing 
attributes were evaluated on a 5»polnl or 8-pofnl scale: color (5 « 
very intensive, 1 - very poor), springiness (5 • extremely springy, 
1 o not springy), firmness (6 • extremely firm, I » extremcry soft), 
Juiciness (8 - extremely juicy, 1 = exlremely dry), flavor intensity 
(8 » extremely strong, 1 - extremely weak to unpleasant), overall 
pal stability (fl *> palatable, 1 » unpalatable). Each attribute -was 
discussed and tests were initiated after panelists were familiarized with 
scales. Sample* were prepared by Keeping frankfurters (n boiling water 
Jn individual pans 2 mm. Worm, 2,5 em long pieces from each treat- 
ment ware randomly distributed for evaluation. Tap water was pro- 
vided between samples to cleanse the palate, 

texture profile anntyals 

An Inxtron Universal Testing Mas bine, modal 1 140, was used to 
conduct texture profile analysis, as described by Bourne (1978),- after 
1 wk storage. Samples were prepared by steeping frankfurters in boil- 
ing waier for 2 min and cooling to ambient temperature. Four 20 mm 
long sections per treat me at were axlally compressed by a two cycle 
compression test to 7S9S of original height. Farce-time deformation 
curves wore recorded al a crosshesd speed 5 cm/mi n, chart speed 5 
cmAnfa and full ecele 50 Kg. Texture variables of force and ares 
measuremeats were: PP « force to fracture; PI — maximum force 
for Grst compression; Al m toial energy for first eompression; F2 - 
roaximuai force for second compression^ A2 - total energy for sec- 
ond compression; sprmglncsa (S) a height sample recovered between 
end of first compression sad start of second; gurnmlnesa « FlxA2/ 
Al; chewiness « FlxA2/AlxS; and cohesrveness » A2/A1. Peak 
areas were determined by using Ihe Ladd Graphic Dots Analyzing 
System, 

$kln strength 

Skin strength of fraekfurters was measured with a pcnelromcler Sur- 
Berlin, model PNR 6, equipped with a half>Ecale aluminum cone of 
45 g snd 20 g ibsd weight. Samples were prepared by steeping frank* 
tuners In boiling water for 2 mill and cooling to ambient. The pointed 

Jiart of tho cone was ptoced al the surface of the frankfurters and the 
nstrumcnl was turned on for 10 sec to produce a puncture. The depth 
of puncture was mceiurcd Jn mm snd higher depth means less skin 
strength. The came procedure was applied to five surf sec areas of 
each of two links of frankfurters per treslmoot. Data reported are 
means of ten mcastremenu, 



Statistical onotyals 

Data collected tor batter characteristics, processing yield, chemical 
composition, sensory and Instrumental texture profile values were ana* 
lyxed by one-way analysis of variance. Data collected for purge losses r 
pH, TBA values snd uvtimrnental color were tnalyssd by s two factor 
faotoriol arrangement h a completely randombed design. The factors 
ware: treatments (A.B.CD) end storage time. Means were compared 
' f using tho LSDoci tWU Data wcrO petformed UsJng the 

STAT program. 



RESULTS & DISCUSSION 



MEAN pH and viscosity for uncooked baiter of control snd 
low-fat rrankftincn containing olive oil were compared fT&ble 
2), No diffjarcncM (P > 0.05) wero found between pH of control 
and low-fal bailers. The BrooWield viscosity of uncooked bat- 
ter in low-rat trankfuritrs was higher (P<0.05) in trcalmcnls 
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fu«/fl 7-pH snd vfrcoofty tor uneeoJtad bstter of etntfCt and tow-fit 
frankfurter! corttwtnfor ollva olfi 
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7W/» J-Pcoosufno vfcHf and prvxfmato eompoMfifan of control and few* 
fat frankfurters contifnMQ oltva o/ft 
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wJlh higher protein. No differences wore found In viscosity 
between controls and low-fat treatments with 14^ protein. The 
added water In both treatments wis similar, 12.0*35 ind 11.8% 
respectively (Table 3). These results agreed with Ciaus el al. 
(1989) who found that added water had greater effect than Cat 
or protein on Brooklleld viscosity. 

Processing yields (Table 3) (or control (86.6%) were 5,5- 
6.5% higher (P<0.05) than for low-flat treatments fB0.24asft). 
These results were in accordance with Townscno ct al. (1971) 
who found (hat frankfurters with vegetable oil had lower 
processing Weld than those prepared with animal fat. Prelim- 
inary experiments have shown that the small reduction of added 
salt in low-fal treatments, (16,ig/kg of tatter Instead of 17.5 
gflcg In the control) had no effect on processing yield. Parte et 
al. (1989) also reported that control frankfurters with 30% 
animal fat had 5-6% higher yield than low-fat treatments with 
« 17% oil and (he same added aalt. 

The proximate composition of control frankfurters was very 
near the targeted values. Total fat and protein concent rat ion a 
of low-Eat frankfurters were higher than targeted values, due 
lo higher moisture loss during processing. For purposes of 
discussion, references to protein concemrittons will bo made 
sccordtng to formulated levels. Hie higher the protein content 
the lower the moisture content of the Tow-fat frankfurters ex- 
cept for the frankfurters with 109& and 12% protein where there * 
W3B no difference (P>0.05)> No differences (P>0,05> were 
found in sodium chloride and sodium nitrite content although 
added quantities in low-rat treatments were slightly different. 




I , 

di 



a a o o 

Ffg, 1 — Effect of storage tfmo on purge fossv* of control (A) and 
lowest frankfurters (&,&D) contsfnfnff ofce oft (A) Prspereef wfth 
pork QBckfst an d forrnvtotod for 28% fat ond11% protein. (8 t C,D) 
Prepared with vlrtto o/rVs eU and forrnulatad for <to% fat and 
10%, f2% tnd t4K prctatn, rofpeeiivary, ** Bars witfi different 
superscript tatters ere different (P<0.05), » Tif wk, o 3rd o 
Sth wA, 




2 3 4 

Storage time (weeks) 

Ffg, 2-pH values cfcofitrcf (Af and tow fat frankfurters ta,C.O) 
containing olive off. fAJ M——*ai Prepared Wft7> perk backfat and 

formulated for 28% fat and tt% protein. fB) o q (Q 

« 4, (D) o o prepared w8h only virgin oJhra ail and 

formufeted for <1Q% tat and t0%, 12% and 14% protefn, re- 
epsettvety. 



The lota! reduction in caloric content of tow-fat frankfurters 
ranged from 44,1% to 47.69S compared to controls. 

'file low-fat treatment with 10% protein had higher (P<0.Q5) 
purge loss than all other treatments. Storage time had a sig- 
nificant effect on purge losses, especially Inlow-fnt treatments 
(Fig. 1). ti» lower the protein level the higher the purge losses. 
The low-fot treatment with 14% protefn was not different 
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LOW-FAT FRANKFURTERS WW OUVE OIL... 



T*bt9 4 

6f Control 



£tfotr eftto/9ff9 tfmo on TEA vafU9i Qno m*fanrifohytfo/*i?J 
1 *nd towfet tonkttittitj cotttatotoff a//Vg oft 
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■ Prepared wftri pork backfill and formulated for 28H fw and 11% ore* 

tain. * 
» Prepared With virgin ollvo oil and fomjufatod far <10H fai and 10%, 
12% and 14% protain, raspeetluety. 

Meana within aama row with different aupomerlo* tenors ore dlrTerant 
(P < AOS). 



(P>0.05) in purge loss from the control during (ho storage 
period of 5 wk. Oaus et al. {1990) found that the low-fat 
frankfurters had higher wwwumeT BbrinJc and purge losses. Higher 
purge losses of low-fat frankfurters were due to lower ionic 
strength. In our experiment the added salt in low-fat treatments 
was purposely reduced BlJghtiy. This probably contributed to 
further decrease of ionic strength in low-fat treatments. The 
Increase in purge losses during storage was due to the decrease 
In pH. The correlation coefficient between purge losses and 
pH after the 1st week of storage was r = -D.644 (P<0.Q5). 
The pH of control was reduced from 6.5 to 6.0 and that of 
low-rat treatments from 6.4 to 5.8 during the 5 wk storage of 
vacuurtvpaeked frankfurters at 4°C(Ffg. 2). Paneras and Blou- 
kas (1988) reported a decrease in pH from 6.3 to < 5.8 during 
Ihe 9 wk storage of vacuum packed frankfurters at 3*C. Kemp- 
ion and Bobier (1970) also found a decrease in pH from 6,3 
to 5:4 during storage of frankfurters under vacuum at 5 B C for 
28 days. Simard et al. (1983) reported a decrease in pH from 
6.18 10 5.42 during 7 wk storage of frankfurters under vacuum 
at 7°C, The pH decrease was attributed lo activity of lacio- 
bacilli. and/or dissolution of C0 4 into meat tissue. 

TBA values of refrigerated vacuum-packaged frankfurters 
over. 5 wk were compared (Table 4). All low-fat treatments 
containing olive oil had lower (?<0.05VTBA values than con- 
trol, initially and during 5 wk storage. The lower TBA values 
observed In olive oil containing frankfurters was attributed to 
tocopherols and phenolic substances with antioxidant activity 
In addition to nitrite. The TBA values of control treatment 
although higher than low-fat treatments were lower than ac- 
ceptable range (< 1.0) for oxidative rancidity (Ockerman, 1976), 
Siorage time did nor affect TBA values, probably due to the 
presence of curing ingredients, such as nitrite, phosphate and 
ascorbate, which also act as antioxidants. 

Means for color measurements (Table 5) showed no differ- 
ence (P>0.05) in Hunter L and b values between treatments 
and storage lime. These results were in agreement with Ahmed 
et aU (1990) who found that decreasing fat content in fresh 
pork sausages with simultaneous Increase in added water, did 
not affect Hunter L values. The lower the protein level of low- 
fat frankfurters the lower (P<0.05) the redness. Tho low-fat 
treatment with 14% protein level hod the same (P<0.05) Hunter 
a value as the control. Differences in redness between tow-fbt 
treatments were due to different added water and protein lev- 
els. In low-fit treatments, added water Increased from 12.4% 
lo 39.2% while protein content was inversely reduced from 
14.3% to 10.7% (Table 3). Reduced protein content resulted 
In dilution of myoglobin and consequently less red color. Dur- 
ing the 5 wk refrigerated storage under vacuum no decreases 
in redness were observed. 

Data on sensory scores and instrumental texture profiles of 
conlrol and low-fat frankfurters containing olive oil were com- 
pared (Table 6)- The low-fat treatmem with 10% prciein had 
lower (P <0.05) color, firmness and overall paJatabilUy scores. 
The treatment wllh 12% protein had similar (P>0J)5) sensory 
attributes except palstabiilry. The higher the protein content 
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the higher (P<0.M) the firmness in low-fat frankfurters. Si- 
mon et al. (1965) and Claus et al, (1089) reported Ihe same 
effects. Differences in flavor intensity between the control and 
low-fat treatments were not significant. 

The 1st week of storage the control treatment had higher 
(P<0.05) overall palatabiiity scores while differences between 
low-fat frankfurters with 12% and 14% proiein.wcre not sig- 
nificant. The frankfurters with 10% protein were very soft 
while those with 14% protein were harder and less juicy than 
the control. During the 5 wk coW storage a (P < 0.05) reduction 
In overall payability was found in all treatments (Fig. 3). The 
control treatment had higaer (P<0.05) overall palaSbTlity while 
n low-fat treatments containing olive oil the higher Ihe protBin 
level the higher the overall palatabiiity. The observed decrease 



In paiatabflTry during storage was probably due to microbial 
activity of laeti o acid baclena, which is in r 
reduction (Fig. 2). 



1 agreement with pH 



The control treatment had higher skin strength and froclur- 
ablhry and not enuiificant cbanaes in bite hardness, fiumminess 
and I chewiness with 10% MOteibiow.rat frankfurter! This was 
probably due lo Ihe similar protein level of Ihe 2 treatments 
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F(g. 3— Ovareil pelstebtthy scores tha 1st and BlA week of stor- 
es* of control (A) end lew* fat frankfurters (8,0, D) containing 
o//ve off. (A) Prepared with pork backfat end formufeied for 28% 
/at and 11% protein (8,C,DJ Prepared wHh virgin olhe oil and 
formufsted for < 10% fat and 10%, 12%. end 14% protein, re~ 
specifve/y. ■ 1st wk, a Bth wk. *8 - palatable, 1 - unpalatable; 
*»-* Bars with different superscript tetiora are different (P<O.0Gl. 



(Tabic 3). According to Saffle at at. (1964} the skin, strength 
is developed by the migration of protein to the surface of frank- 
furteis and subsequent denaturation during smoking. Differ- 
ences between the control and low-fat treatments with 12% 
and 149& protein for skin strength* ftacturabiKry, 1st and 2nd 
bite hardness, springiness, gummuiesj and chewlnesa were sig- 
nificant. The higherthe protein in low-fat treatments the higher 
(P <0.05) was tht akin strength* the 1st and 2nd bite hardness* 
gumminess and chewlnesa, Low-fat treatment with 12% and 
14% protein had no significant differences for fracturability 
and springiness while all treatments had the same (P <0.0£) 
cohesiveneas. 

CONCLUSIONS 

LOW-FAT FRANKFURTERS (10% fart could be manufac- 
tured with olive oil and without added animal fat. The low-fat 
frankfurters would be highly desirable from a di&t/healih stand- 
point as they contain monouniaturated vegetable oil, have lower 
caloric value, reduced cholesterol and a higher protein content. 
Among low-fat treatments with olive oil, that with » 12% 
protein had quality characteristics most comparable to the con- 
trol. 
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